Rapid eye movement (REM) sleep disturbances predict poor clinical outcomes in posttraumatic stress disorder (PTSD) and major depressive disorder (MDD). In MDD, REM sleep is characterized by activation of limbic and paralimbic brain regions compared to wakefulness. The neural correlates of PTSD during REM sleep remain scarcely explored, and comparisons of PTSD and MDD have not been conducted. The present study sought to compare brain activity patterns during wakefulness and REM sleep in 13 adults with PTSD and 12 adults with MDD using [ 18 F]-fluoro-2-deoxy-D-glucose positron emission tomography (PET). PTSD was associated with greater increase in relative regional cerebral metabolic rate of glucose (rCMRglc) in limbic and paralimbic structures in REM sleep compared to wakefulness. Post-hoc comparisons indicated that MDD was associated with greater limbic and paralimbic rCMRglc during wakefulness but not REM sleep compared to PTSD. Our findings suggest that PTSD is associated with increased REM sleep limbic and paralimbic metabolism, whereas MDD is associated with wake and REM hypermetabolism in these areas. These observations suggest that PTSD and MDD disrupt REM sleep through different neurobiological processes. Optimal sleep treatments between the two disorders may differ: REM-specific therapy may be more effective in PTSD.
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Introduction
Posttraumatic stress disorder (PTSD) and major depressive disorder (MDD) are two stress-related disorders that are associated with the disruption of rapid-eye movement (REM) sleep (Benca et al., 1992; Ross et al., 1989; Lustberg and Reynolds, 2000; Adrien, 2002) . In turn, subjective sleep complaints and objective indices of sleep disruption are associated with increased daytime symptom severity in PTSD and MDD, alcohol or substance misuse, suicidality (e.g., Saladin et al., 1995; Agargun et al., 1997; Krakow et al., 2000 Krakow et al., , 2002 Agargun and Cartwright, 2003) , and poor treatment outcomes (Buysse et al., 1997 (Buysse et al., , 1999 . Whether REM sleep disturbances arise from similar or distinct changes in brain activity patterns in REM sleep relative to wakefulness in PTSD and MDD is unknown. Identifying the neural underpinnings of REM sleep in PTSD and MDD may provide novel insights into the common or distinctive pathophysiology of these disorders and help guide development of new treatments.
Few studies have compared the neural correlates of the two disorders. Lanius et al. (2007) found that the presence of comorbid MDD along with PTSD was associated with greater bilateral activation of the anterior and posterior cingulate cortex and lesser activation of the left insula in response to imagery evoking a stress response when compared to PTSD uncomplicated with MDD during wakefulness. The pattern of limbic and paralimbic hyperactivity may thus be more diffused in MDD than in PTSD.
Only one preliminary study has investigated the neurobiological correlates of PTSD during wakefulness and sleep (Germain et al., 2013) . Consistent with the hypothesis that REM sleep naturally activates the threat response network (Germain et al., 2008) , veterans with PTSD showed increased relative regional metabolic rate of glucose (rCMRglc) in limbic and paralimbic systems during wakefulness and REM sleep compared to veterans without PTSD. Aversive stimuli, in the form of flashbacks during wakefulness and nightmares during REM sleep, account for these differences between veterans with and without PTSD through activation of the threat response network. Those with PTSD perceive threat and experience limbic and paralimbic hyperactivity, while those without PTSD suffer no such dysfunction.
Prior neuroimaging studies have shown that, compared to healthy participants, adults with MDD have greater rCMRglc in 
